Background The available evidence regarding the clinical characteristics, treatment patterns, adverse events (AEs), and costs of treating patients with stage IV non-small cell lung cancer (NSCLC) in Mexico is scarce. Objective Our objective was to describe the clinical characteristics, treatment patterns, and direct costs associated with Mexican patients diagnosed with stage IV NSCLC who had completed two or more lines of systemic antineoplastic treatment. Methods A multicenter retrospective cohort study was designed to collect data from the medical records of patients treated at tertiary-level public hospitals in Mexico (multicenter chart review). We calculated costs from the viewpoint of payers based on data regarding therapy and service utilization. Results A total of 115 patients were included. Median patient age was 61 years (interquartile range [IQR] 52.4-68.5), and 51.3% were female. The most common NSCLC type was non-squamous (92.2%), and the typical histology was adenocarcinoma (88.7%). All patients received first-and second-line therapy: 54.78% completed a third-line, 27.82% a fourth-line, 7.82% a fifth-line, 2.6% a sixth-line, and 1.7% a seventh-line active therapy. Carboplatin was the most frequently used therapy (28.6%) followed by docetaxel (23.3%), nivolumab (16.7%), and irinotecan (13.3%). AEs occurred in 53% of the patients and none was fatal. In total, 59 patients (51.3%) required hospitalization during the observation period. The median cost per patient was $US7039.40, with a minimum of $US628.30 and a maximum of $US3,557,364.20. Median overall survival of the cohort was 12 months (95% confidence interval 9.8-14.1). Conclusions In Mexico, NSCLC is usually diagnosed at stage IV. This study shows considerable variation in chemotherapy regimens, leading to a wide range in treatment cost. The understanding of NSCLC treatment patterns in Mexico will help to identify and address unmet needs.
Introduction
Lung cancer remains the leading cause of cancer death globally in both high-income and low-and middleincome countries, accounting for 1.6 million cancer deaths annually (approximately 20% of total cancer deaths), with an estimated 1.8 million new cases annually worldwide [1] . According to GLOBOCAN, in 2012 in Mexico, the highest incidence and mortality rates of lung cancer were for males (10.5 and 9.5 in 100,000; respectively), whereas for females the incidence rate was 4.9 and the mortality rate 4.3 in 100,000 [2] . Lung cancer was the third leading cause of death in men in 2012, with 4152 deaths [3] . Cigarette smoking or tobacco use continues to be the most important causal risk factor for development of lung cancer [4] .
The two broad histological subtypes of lung cancer are small-cell lung cancer (SCLC), which is the cause of 15% of cases, and non-small cell lung cancer (NSCLC), which accounts for 85% of cases. NSCLC includes adenocarcinoma, squamous-cell carcinoma, and large-cell carcinoma [5] . The frequency of epidermal growth factor receptor (EGFR) mutations in NSCLC varies between different geographic regions, with a reported prevalence of 34.3% in Mexico [6] .
Key Points for Decision Makers
The study shows that, in Mexico, non-small cell lung cancer (NSCLC) is usually diagnosed at advanced stages.
A considerable variety of chemotherapy regimens in all lines of therapy was observed, with a predominance of platinum-based drugs.
Immunotherapy is already an important part of the treatment modalities in Mexico for NSCLC.
costs associated with cancer care in the EU demonstrated that, relative to other cancers, lung cancer is associated with the highest economic costs (15% of total cancer care costs) [12] . The challenge becomes even greater in scenarios with inadequate funding, unequal distribution of resources and services, and/or increased need for investment in middle-and low-income countries such as Mexico. Knowledge regarding the cost of treatment and its determinants is crucial if better clinical decisions are to be made. The objectives of this study were to describe the clinical characteristics, treatment patterns, and direct costs associated with Mexican patients diagnosed with stage IV NSCLC. Overall survival was evaluated as an exploratory objective.
Methods
A multicenter retrospective cohort study was designed to collect data regarding patient characteristics, treatment patterns, and resource utilization from the medical records of patients treated at tertiary-level public hospitals in Mexico (multicenter chart review).
Patients aged > 18 years whose disease had progressed from a previous stage and patients newly diagnosed with stage IV disease on or after 1 January 2013 (the last diagnosis included was 10 August 2016) who had completed two or more lines of systemic antineoplastic treatment (each line including chemotherapy, targeted therapy, and/or immunotherapy) and were currently receiving palliative therapy, a better supportive treatment, or had died were included in the study. We excluded patients who had participated in a clinical trial related to NSCLC treatment based on its diagnosis and/or with a concurrent diagnosis of another malignant neoplasm (except for non-melanoma skin cancer).
Data Collection
Data were captured using a paper case report form (CRF) that had been validated by the principal investigators against patient files. The CRFs were monitored for completeness and accuracy by a third-party monitor and transferred to an electronic database. Variables collected included patient demographics and clinical characteristics, treatment received, adverse events (AEs), hospitalization and outpatient visits, and resource utilization. The medical records were reviewed in alphabetical order, and all patients who met the inclusion criteria at the participating hospitals were included.
Ethics approval was obtained from each of the participating hospitals, and data capture respected local and international patient privacy regulations. Patient consent was not required as the study was a retrospective, observational patient chart review.
Several clinical studies have determined the importance of systemic treatment in patients with metastatic lung cancer. The best evidence comes from two meta-analyses, which determined that palliative chemotherapy is justified in patients with advanced NSCLC, since it significantly increases survival, improves symptoms, and does not diminish quality of life [7, 8] . Before starting treatment in patients with a recent diagnosis of advanced NSCLC, EGFR mutation should be determined. Patients with adenocarcinoma and EGFR mutation should be treated with gefitinib, erlotinib, or afatinib in the front line instead of chemotherapy [9] . Osimertinib has also been shown to be an option in the first-line treatment of these type of disease [10] . In patients without EGFR mutation and with a good functional status, treatment with first-line chemotherapy should be a combination of two drugs; for patients with poor functional status, monotherapy is a treatment option [9] . According to the national consensus of diagnosis and treatment of NSCLC, several platinumbased treatment schemes are available for advanced NSCLC. The type of treatment must be individualized according to the comorbidities of each patient and the toxicity profile of each scheme. Combined treatment with bevacizumab and carboplatin + paclitaxel is appropriate in patients without contraindications, as is treatment with cetuximab in combination with cisplatin + vinorelbine. The second-line recommended therapeutic agents in patients with advanced NSCLC are docetaxel, pemetrexed, erlotinib, and gefitinib [9] .
Despite the generally poor prognosis, there is substantial international variation in recently published 5-year relative survival estimates [4] . The low survival rate of patients with lung cancer is related to the stage of cancer at diagnosis. Lung cancer symptoms are nonspecific in nature, so most lung cancers are typically diagnosed after they have advanced (57% of lung cancers in the USA are detected with metastases), leading to a 5-year relative survival of 4.5% [11] .
It is not only the human cost that one needs to consider but also the wider economic burden. A recent analysis of the
Statistical Methods
Descriptive statistical analysis of each of the clinical variables and treatments was performed. Proportions for categorical variables and medians for continuous variables were reported, along with the 25-75% interquartile range (IQR).
For the final objective of the study, we calculated the estimated costs associated with cancer treatment based on data for therapy and service utilization. Cost estimation implied the identification and measurement of resources used and the valuation thereof.
Unit costs were collected on a spreadsheet specifically developed for this project. These costs were taken from the Jalisco Cancer Institute's (IJC) and the National Institute of Respiratory Diseases' (INER) unit costs lists for procedures and from the IJC's list of medicine acquisition costs. We calculated costs from the viewpoint of payers based on data regarding therapy and service utilization. We analyzed the total cost of treatment throughout the entire observation period from the date of each patient's hospital screening.
Only direct costs were included in the analysis: drugs, consultations, infusion administration protocols, services rendered and procedures performed, laboratory tests, imaging tests, blood transfusions, and hospitalization. Transportation and food costs were not considered, nor were indirect costs such as productivity loss due to disability or premature death.
All estimated costs were in 2017 Mexican pesos (MXN) and then converted to $US, year 2017 values. The exchange rate was MXN18 per $US1, calculated as the average exchange rate of 2017 according to the database of the Bank of Mexico (1 January to 31 December) [13] .
Survival curves for overall survival (OS) were plotted using the Kaplan-Meier method. Medians and the associated 95% confidence intervals (CIs) were computed.
Analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
The original chart review included information on 118 patients. We removed three patients who did not meet the selection criteria. The final sample size analyzed was 115 patients from three tertiary-level public hospitals (see patient flow chart, Fig. 1) .
Most of the patients were treated at the INER (n = 94; 81.7%), followed by the Social Security Institute of the State of Mexico and Municipalities (ISSEMYM) (n = 16; 13.9%), and the IJC (n = 5; 4.4%).
Demographic and Clinical Characteristics
The median age was 61.0 years (IQR 52.4-68.5), and 51.3% were female. The median weight at diagnosis was 63 kg (IQR 53.5-73). The maximum level of education reported was generally low: no schooling 10.4%; primary school (age 6-12 years) 30.4%; secondary school (age 12-14 years) 13.0%; high school 11.3%; university 8.7%; other 25.2%; unknown 0.9%. Most patients (60.9%) reported comorbidities. Of these, 38.6% reported diabetes mellitus, 7.1% obesity, and 50% cardiovascular diseases. All other comorbidities impacted < 5% of the sample.
The most common type of NSCLC was non-squamous (92.2%), and the most typical histology was adenocarcinoma (88.7%). Almost all patients were stage IV (97.4%) at first diagnosis. Half of the population had a history of smoking (49.6%), 43.48% had positive wood smoke exposure, and almost all had a negative family history of NSCLC (97.4%) ( Table 1) .
Almost all patients had metastases at the time of diagnosis (99.1%). The sites of metastasis location were lung (54 patients; 47.4%), followed by bone (36; 31.6%), brain (11; 9.7%), and distant lymph nodes (eight; 7%).
EGFR mutation was tested in only 85 (73.9%) patients, 31 (36.5%) of which were positive. Anaplastic lymphoma kinase (ALK) translocation was tested in 13 (11.3%) patients, two (15.4%) of which were positive. Patients had a median waiting time of 24 days (IQR 15.0-35.0) from diagnosis to first-line treatment. 
Treatment Patterns
All patients received first-and second-line therapy (in accordance with the selection criteria), and 54.8% completed a third-line, 27.8% a fourth-line, 7.8% a fifth-line, 2.6% a sixth-line, and 1.7% a seventh-line active therapy (Table 2) .
Only 32.2% of the patients received radiotherapy after diagnosis of NSCLC.
Within the 13 regimens observed in the first line of treatment, the carboplatin-paclitaxel combination was administered in 65.2% of the observed population. Ten different therapeutic agents were identified, and most patients were initially treated with platinum-based chemotherapy (87.8%) and paclitaxel (67.8%). Most of the first-line treatments (93.6%) were administered on an outpatient basis. Three patients (2.6%) achieved complete response (CR), 46 (40%) had partial response (PR), 24 (20.9%) had stable disease (SD), and the rest experienced progression or died.
Among the 13 therapeutic agents administered within the different second-line regimens, four were administered to > 15% of the patients, either as monotherapy or combined: docetaxel to 47.0%, carboplatin to 25.2%, paclitaxel to 15.7%, and nintedanib to 15.7%. Nivolumab was administered to 8.7% of the patients. A large proportion of the second-line treatments (80.4%) were administered on an outpatient basis. Two patients (1.7%) achieved CR, 27 (23.5%) had a PR, 35 (30.4%) had SD, and the rest (44%) experienced progression or died.
Only 63 (55%) patients completed third-line therapy, where carboplatin was the most frequently used drug (28.6%), followed by paclitaxel (25.4%), nivolumab (20.6%), and docetaxel (17.5%). No patient achieved CR, seven patients (11.1%) had a PR, 17 (27%) had SD, and the rest 39 (80%) showed progression or died.
In total, 30 (26%) patients received fourth-line therapy. The most frequently used therapy was docetaxel (23.3%), followed by nivolumab (16.7%) and irinotecan (13.3%). Only two (6.67%) patients achieved PR, and 20 SD (8%).
Nine (8%) patients received fifth-line therapy, three (3%) received sixth-line, and only two patients (2%) received seventh-line treatment.
In total, 59 patients (51.3%) required hospitalization during the observation period; there were 118 hospitalizations/ medical emergencies in the patient population, and most of them were hospitalized more than once (76.3%), with an average length of stay of 69 days. Supportive care was most often associated with pain treatment (see Table 3 for details).
AEs occurred in 53.0% of the patients; none was fatal. Among these patients, 22 (19.1%) experienced fatigue, 12 (10.4%) diarrhea, 12 (10.4%) neuropathy, eight (6.7%) neutropenia, seven (6.1%) thrombocytopenia, and < 5% experienced other AEs.
Resource Utilization
The median cost per patient was $US7039.40, with a minimum of $US628.30 and a maximum of $US3,557,364.20. 
Treatment Patterns and Costs of Stage IV Non-Small Cell Lung Cancer in Mexico
Estimated therapy costs per patient, per line, and per month are shown in Table 4 .
Overall Survival
Median OS for the overall cohort (n = 115) was 12 months (95% CI 9.8-14.1). The Kaplan-Meier plot for patient OS is shown in Fig. 2 .
Discussion
Despite a doubling of the volume of lung cancer research worldwide between 2004 and 2013, it still only accounts for a small proportion (5.6%) of the overall oncology research publication output [14] . Currently, information on patients diagnosed with stage IV NSCLC in Mexico is limited; this study was designed to help us better understand patient characteristics, real-world treatment patterns, and healthcare resource use. The patient population of Mexico follows international tendencies for advanced-stage diagnosis, with most patients diagnosed with stage IV, 99.1% according to our study. Systemic therapies are predominantly used in the management of stage IV disease, with only 32.2% of the patients receiving radiotherapy, almost always with palliative purpose. The findings of this study show a wide variety of regimens used, with a tendency to follow international guidelines for the time frame observed using platinum-based therapies as first-line treatment [15] . These results are similar to those observed in the study conducted by Nadler et al. [16] , in which 71% of the observed population was initially treated with platinum-based chemotherapy, and to those observed in other smaller published real-world utilization studies of similar time frames reporting ranges from 61 to 85% utilization of platinum-based chemotherapy as first line-treatment [17, 18] . However, within the scenario of second-line treatment, the use of docetaxel in our study was much higher than that observed in the aforementioned studies, being used in 47% of our patients versus the observed range of 14-16% [16, 17] .
Immunotherapy is already an important part of the treatment modalities in Mexico, with an increase in its use from the second line of treatment. This is in accordance with international trends, even for patients with advanced disease, building on progress in the understanding of antitumor immune responses [19] .
Although a lack of biomarker testing may be observed, probably due to its cost and the need for tumor tissue to perform these tests, the numbers for EGFR status were much 8 (7) 13 (20.6) higher than those recorded in other observational studies. EGFR mutation was tested in 73.9% of our population and was positive in 36.5% of these patients; ALK translocation was tested in 11.3% and was positive in 15.4%. In the study by Nadler et al. [16] in the USA, EGFR and ALK status was available in approximately 40% and 35% of the patients, respectively. Among those with documented results, EGFR and ALK status was positive in 13% and 3% of the patients, respectively [16] . In another study that evaluated the frequency and clinical characteristics of ALK rearrangements in Latin America, Arrieta et al. [20] reported that ALK translocation was positive in 7.6% (79/1034) of the Mexican patients included. Although these numbers vary greatly from those in our study, it has been stated previously that the frequency of EGFR mutations and ALK translocations varies geographically. Higher frequencies of EGFR mutations are found in Asia, as shown by Shi et al. [21] (51.4%), which represents several regions in that continent. In Latin America, intermediate frequencies (26.0%) are found in Argentina, Colombia, Mexico, Peru, Panama, and Costa Rica [6] . An increase in biomarker testing could resolve an area of opportunity by identifying subsets of patients who would benefit from targeted molecular therapies. For example, a large consortium study showed that patients with oncogenic drivers treated with targeted therapies had improved survival over those who did not (median survival 3.5 vs. 2.4 years; hazard ratio 0.69; 95% CI 0.53-0.9; P = 0.006) [22] . Nadler et al. [16] also observed that patients with actionable mutations derived greater survival benefit from targeted therapies: 24.3 months in patients who received first-line targeted therapy versus 11.7 months for chemotherapy. As stated by Arrieta et al. [23] , following diagnosis, Mexican patients should be genotyped to identify predisposing mutations and receive personalized treatment.
A retrospective chart review in Italy found that costs associated with second-line therapy for stage IV NSCLC appeared to be greater than those for first-line therapy, regardless of histological subtype [24] . In our study, the median cost per patient in first-and second-line therapy was very similar ($US869.30 and 834.30, respectively), but the median estimated cost per patient increased significantly for patients who received sixth-and seventh-line treatment.
The cost estimates demonstrated that most costs were related to the use of chemotherapy/targeted therapy and/or immunotherapy agents and not to the use of other health resources. This is similar to what was observed in a retrospective chart review conducted in several European countries (Germany, Spain, France, and the UK), in which the cost of chemotherapy contributed to a high cost burden compared with other resources in the UK, Spain, and Germany [25] . Without further investigation, we can only hypothesize that the high costs of medical therapies probably reflect the incorporation of increasingly expensive new drugs.
It should be noted that, due to the high probability that patients diagnosed with stage IV NSCLC will be unable to complete an active line of treatment, only patients who had completed a second line of treatment were included in the study, to ensure a sample size that could adequately show treatment patterns in the second line. One study reported that only 24% of patients with NSCLC received first-line chemotherapy [26] . This means that the percentages of patients in this study who completed further treatment lines probably do not reflect the behavior of the entire population diagnosed with stage IV NSCLC. Our data show an expected median OS of 12.0 months. This is similar to that reported in a retrospective cohort analysis of patients with NSCLC screened for EGFR mutations between October 2009 and July 2013, in which the median survival of the global population was 12.0 months, with a better OS in mutated than in nonmutated patients (20.0 vs. 11.0 months, respectively; P = 0.007) [27] . However, the populations of both studies are not comparable, since our population was preselected to have completed two lines of active treatment.
Data collected from the medical records represent actual treatment information documented as part of routine medical care and therefore show real-world clinical treatment patterns. The limitations of this study include the retrospective nature of the evaluation and that the data were obtained from only three major public hospitals, so they may not be representative of treatment patterns at the national level. The lack of homogeneity in the data of the medical records is another limiting factor. Missing data cannot confirm the absence of a condition or value in the patients' medical histories, only that it was not documented. As 82.6% of the patients died within the study observation period, cost underestimation for the remaining 17.4% is likely. The observation period for the study started in 2013; therefore, the data presented may not reflect current treatment patterns in Mexico.
Future investigations should look to increase the study size to allow stratified analyses and include additional public institutes of interest to calculate more universally applicable results. Because many of the clinical files were still in paper format, collecting the information was a resource-intensive task. Retrospective chart reviews in Mexico would benefit from the use of more standardized electronical medical records among the different institutions.
Conclusion
To the best of our knowledge, this is the first study to look at patient management and resource utilization for patients with stage IV NSCLC in Mexico, with results showing considerable variation in active treatment regimens. Understanding NSCLC treatment patterns and costs in Mexico will help measure the impact of innovations in treatment practice and create opportunities to harmonize treatment options.
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